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To Whom It May Concern: 

BE IT KNOIfN that Ve, Akira 0KAM0T0. Yuichi SKIHAKAITA and 
Takashi MANAKO, citizens of Japan, sfl res fding at c/o NEC Corporation, 
7-1, Shfbe 5-chome, Mmato-ku, Tokyo, Japan, have made a new and 
useful improvement in "HEAT CONTROL DEVICE* of which the following 
is the true, clear and exact specification, reference being had to 
the accompanying drawings. 
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HEAT CONTROL DEVICE 



BACKGROUND OF THE INVENTION 
The present invention relates to a heat control device and more 
particularly to a heat control device feasible for, e.g., an 
artificial satellite or a spacecraft. 
5 As for a spacecraft expected to navigate a vacuum environment, 

heat rad \ at i on from outs i de surfaces i s the on I y heat r?d i at i ng means 
available. The amount of heat radiation dictates the temperature 
inside the spacecraft. A thermal louver has customarily been used 
for maintaining temperature inside the spacecraft adequate. The 

10 thermal louver adjusts the amount of heat radiation to the outside 
in accordance with temperature. Specifically, the louver includes 
a bimetal or similar actuator for driving blades- The blades are 
movable to increase or decrease the effective area and therefore the 
temperature of heat radiation surfaces, i. e. , increase the amount of 

15 heat radiation at a high temperature or reduces it at a low 
temperature. 

However, the above thermal louver is a mechanical device 
includ ing mo vab I e port i ons and therefore bu I ky and heav y. , moreover , 
the louver lacks in reliability due to the movable portions. In 
20 addition, the blades cannot be opened and closed more than a 



preselected number of times due to their limited fife. 

Techno I og fes relating to the present Invention are also 
drscfosed in. e.g., Japanese Patent Laid-open Publication Nos, 
63-207799, 1-212899 and 9-58600. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present; invent ion to provide 
a reliable heat control device operable over a long period of time 
even in a severe environment and easy to produce. 

It is another object of the present invention to provide a 
rel table, smal I size and I ight weight heat control device including 
no movable portions* 

In a heat control device of the present invention, a 
variable-phase substance exhibiting a property of an insulator or a 
property of metal in a high temperature phase or a low temperature 
phase, respectively, and radiating a great amount of heat or a smaf I 
amount of heat in the low temperature phase or the high temperature 
phase, respectively, controls the temperature of a desired object. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other objects, features and advantages of the 
present invention will become more apparent from the following 
detai led description taken with the accompanying drawings in which: 
FIG. 1 shows a conventional thermal louver; 
FIG. 2 is a graph showing a reflection spectrum particular to 
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a variable-phase substance La 1 ^ ]t Sr Jt Mn0 3 applicable to the present 
* invention; 

FIG, 3 is a graph showing resistivity 

FIG. 4 is a graph showing data representative of the 
5 reflectivity of La t . x Sr,(Bn0 3 ; and 

FIGS. 5 and 6 respect i ve I y show a f i r st and a second embod intent 
of the heat control device in accordance with the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 To better understand the present Invention, brief reference 

will be made to a conventional thermal , louver, shown in FIG. t. The 
thermal louver to be described adjusts the amount of heat radiation 
to the outside in accordance with temperature, as stated ear I ier. As 
% shown, the thermal louver includes a bimetal or actuator 10 and blades 

15 12, The bimetal 10 drives the blade 12 in order to increases or 
decreases the effective area and therefore the temperature of heat 
radiation surfaces. There are also shown in FIG. 1 a frame 14. a 
bimetal housing 16, shafts 18, end bearings 20. 

A heat control device in accordance with the present invention 

20 is characterized in that it uses a heat radiation characteristic 
particular to a substance itself in place of a mechanical principle. 
As for a spacecraft expected to navigate a vacuum environment, heat 
radiation from outside surfaces is the only heat radiating mesns 
available. The amount of heat radiation dictates the temperature 

25 inside the spacecraft. 



The heat control device of the present invention is 
implemented by a var i able-phase substance (La^xSr^nOa) arranged on 
the heat radiation surfaces of a spacecraft. The variable-phase 
substance belongs to a fami ly of oxides of perovskite Mn and undergoes 

5 phase transition around room temperature. The characteristic of 
this kind of substance is simi lar to the characteristic of metal in 
i a low temperature phase, but similar to the characteristic of an 

insulator in a high temperature phase. Also, the heat radiation 
ratio of the substance is low when conductivity is high, but high when 

10 conductivity is low. The substance therefore has an automatic 
temperature adjusting ability, i.e.. automatically increases its 
heat radiation ratio at high temperatures and decreases it at low 
temperatures, FIG. 1 shows the dependency of the resistivity and 
Infrared reflectivity of La^r^nO, on temperature, reported in the 

15 past. As FIG. 2 indicates, the reflectivity noticeably changes with 
changes in temperature around photon energy of about 0. 12 eV (10 pnr) 
which is the peak of heat radiation around room temperature. The 
phase transition temperature is variable between 250 K and 350 K in 
accordance with the composition ratio x of La and Sr. 

20 FIQ. 3 shows data representative of the hemispherical 

reflectivity of La^^Sr^^nO^ and measured in the range of from 170 
K to 380 K. As shown, the reflectivity sharply changes in the range 
of from 300 K to 280 K, i.e. , at the phase transition temperatures. 
As a result, the above substance exhibits the characteristic of metal 

25 at the low temperature side, but exhibits the characteristic of an 
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insulator at the high temperature side. 

FIG. 4 shows data representative of the result of measurement 
of resistivity. As shown, the resistivity changes by about four 
times as in FIG. 2. 

5 In the heat control device of the present invention, the 

variable-phase substance should only be arranged on heat radiation 
surfaces in the form of a f i Im and is therefore space-saving and I ight 
weight. Moreover, the device is highly re I iable because ft needs no 
movable portions. When the device is mounted in a portion getting 

10 the sunl rght, a si I icon plate transparent for thermal infrared rays, 
but opaque for the sunlight, may be positioned in front of the 
variable-phase substance rn order to minimize the sunl rght absorption 
of the device. 

For the variable-phase substance, use may be made of an oxide 
15 of Sln^-containing perovskite represented by A^jMnOj where A denotes 
at least one of La, Pr. Nd and Sm rare earth ions, and B denotes at 
least one of Ca, Sr and Ba alkaf ine rare earth ions. Further, such 
a substance may be implemented by an oxide of Cr-containing corundum 
vanadium, preferably Qf^firJ 2 0 3 , 
20 Referring to FIG. 5, a first embodiment of the heat control 

device in accordance with the present invention will be described. 
As shown, the device is implemented by a variable-phase substance 1 
for control I i ng the temperature of a des i red object 2. The substance 
1 exhibits the characteristic of metal in a high temperature phase, 
25 but exhibits the characteristic of an insulator in a low temperature 



phase. Also, the substance 1 radiates a great amount of heat in the 
high temperature phase, but radiates a smal f amount of heat fn a few 
temperature phase. The substance 1 is affixed to the object 2 by 
powder coat i ng, evaporat i on r crysta 1 1 i ne adhes i on or similar 

5 affixing means. In the i I lost rat ive embodiment, the substance 1 is 
i mp t emented by La w S r x Mn0 3 be ( ong i ng to a f am i I y of ox i des of 
perovskite Nn. s ^ 

Specifically, the object 2 is representative of the heat 
radiation wal ( of a spacecraft. The substance 1 is arranged on the 

10 surface 3 of the wal I 2 in the form of a several hundred micron thick 
film. The substance 1 is thermally coupled to the surface 3 and 
substantially the same in temperature as the wall 2. 

In operation, when the temperature of the surface 3 rises and 
heats the substance above the phase transition temperature, then the 

15 heat radiation ratio of the substance increases. As a result, the 
amount of heat radiation to the outside environment increases and 
lowers the temperature of the surface 3, Conversely, when the 
temperature of the surface 3 drops and cools off the substance below 
the ph^se transition temperature, the heat radiation ratio of the 

20 substance 1 and therefore the amount of heat radiation decreases, 
raising the temperature of the surface 3. fffth this mechanism,, the 
substance 1 automatically controls the temperature of the surface 3 
to e range around its phase transition temperature. 

The substance 1 has a cubic crystal structure and has an 

25 optical property not dependent on the orientation of the 



crystal I ographic axis. It follows that the substance 1 can be 
arranged on the surface 3 by any one of convent i ona I schemes including 
powder coating, evaporation, crystal 1 ine adhesion and other affixing 
means and the adhesion of a film implemented by a powdery phase- 
variable substance containing, e.g.. a binder. 

The illustrative embodiment is practicable only if the 
variable-phase substance is implemented by, e.g. ,« an oxide of Mn- 
containrng perovskite represented by A^AMnOj where A denotes at 
feast one of La, Pr r Nd and Sm rare earth ions, and B denotes at least 
one of Ca, Sr and Ba alkaline rare earth ions. Further, such a 
substance may be implemented by an oxide of Cr-conta i n i ng corundum 
vanadium, preferably O/^r^fl^ 

A second embodiment of the heat control device in accordance 
with the present invention wi 1 1 be described with reference to FIG. 
6. As shown, the device is also implemented by the variable-phase 
substance 1 for controlling the temperature of the object 2. The 
substance 1 exhibits the character i st i c of mete ( i n a h i gh temperature 
phase, but exhibits the characteristic of an insulator in a low 
temperature phase, as stated earl ier. In addition, the substance 1 
radiates a great amount of heat in the high temperature phase, but 
radiates a smal I amount of heat in a low temperature phase, as also 
stated previously. In the i I lustrative embodiment, a si I icon plate 
4 transparent for infrared rays, but opaque for visfble rays r is 
positioned on the substance 1. 

As shown in FIG. 2 r U^r^ constituting the substance 1 
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has reflectively as low as about 0. 2 in the sunl ight wavelength range 
CO. 3 fim to 2, 5 pi) f i.e., it shows high absorbance to the sunl ight 
in such a range. Therefore, when the substance Is positioned in en 
area directly getting the sunlight, its absorbance is increased to 
5 obstruct heat radiation, fn such a case, as shown in FIG. 6 r the 
si I icon plate 4 transparent for infrared rays, but opaque for visible 
rays, is mounted on the front of the substance 1- This embodiment 
is therefore identical in principle with the first embodiment except 
that the silicon plate 4 reflects the sunlight. 
10 |f desi red. the si I icon plate 4 may be replaced with any other 

member, e-g., a plate or a film containing germanium so long as it 
can transmit infrared rays. 

Insuninary, it wi 1 1 be seen that the present invention provides 
a small size, light weight heat control device using an optical 
15 property particular to a substance Itself in place of a mechanical 
principle applied to a conventional thermal louver. In addition, the 
device of the present invention is highly reliable and long life 
because it needs no movable portions which would bring about wear, 
fatigue and other problems. 
20 Various modifications wi 1 1 become possible for those ski I led 

in the art after receiving the teachings of the present disclosure 
without departing from the scope thereof. 



9 



What is claimed is: 

1. In a heat control device, a var i able-phase substance 
exhibiting a property of an f nsulator or a property of metal in a high 
temperature phase or a low temperature phase, respectively, and 
rediating a great amount of heat or a smal I amount of heat fn the low 
temperature phase or the high temperature phase, respectively, 
controls a temperature of an object. 

2. A heat control device as claimed in claim 1, wherein sard 
variable-phase substance comprises an oxide of perovsk ite Mn. 

3. A heat control device as claimed in claim 2, wherein the 
oxide of perovsk i te Mn compr i ses sn ox i de of Mn-conta i n i ng perovsk i te 
represented by Vj&MnOjj where A is at least one of La. Pr, Nd and Sm 
rare earth ions, and B is at least one of Ca. Sr and 8a alkal ine rare 
earth ions. 

4. A heat control device as claimed in claim 3, wherein said 
variable-phase substance is affixed to the object by powder coating, 
evaporation, crystal I ine adhesion or adhesion of a f i |m formed of a 
variable-phase substance containing a binder. 

5. A heat control device as claimed in claim 4, further 
comprising either one of a plate and a film mounted on said 
phase-variable substance for transmitting infrared rays and 
reflecting visible rays. 

6. A heat control device as claimed in claim 5 ( wherein the 
object comprises either one of an artificial satellite and a 
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spacecraft. 

7. A heat control device as claimed in claim 1, wherein the 
ox i de of perovsk i te Mn camp r i ses an ox i de of Mn-conta iningpe rovsk f te 
represented by A^B^nO, where A is at least one of La, Pr, Nd and Sm 
rare earth ions, and B is at least one of Ca, Sr and Ba alkal ine rare 
earth ions. 

8. A heat control device as claimed in claim 7, wherein said 
variable-phase substance is affixed to the object by powder coating, 
evaporation, crystal t ine adhesion or adhesion of a f i fm formed of a 
variable-phase substance containing a binder. 

9. A heat control device as c la fined in claim 8, further 
comprising either one of a plate and a film mounted on said 
phase-variable substance for transmitting infrared rays and 
reflecting visible rays. 

10* A heat control device as claimed in claim 9, wherein the 
object comprises either one of an artificial satellite and a 
spacecraft. 

11. A heat control device as claimed in claim 1, wherein sard 
variable-phase substance comprises an oxide of Gr-containing 
corundum vanadium. 

12. A heat control device as claimed in claim It, wherein said 
verrabfe-phase substance comprises (V^Cr,) z 0 3 , 

13. A heat control device as claimed incJaimt2. wherein said 
variable-phase substance is affixed to the object by pemder coating, 
evaporation, crystaf I ine adhesion or adhesion of a ft Im formed of a 
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variabfe-phase substance containing a binder. 

14. A heat control device as claimed in claim 13. further 
comprising either one of a plate and a film mounted on said 
phase-van abfe substance for transmitting infrared rays and 
reflecting visible rays. 

15. A heat control device as claimed in claim 14 wherein the 
object comprises either one ~ of: j an artificial satellite and a 
spacecraft. 

16. A heat control device as claimed in claim 1, wherein sard 
variable-phase substance comprises O^^fir^fi^ 

17. A heat control device as claimed in claim 16, wherein said 
variable-phase substance is affixed to the abject by powder coating, 
evaporation, crystal I ine adhesion or adhesion of a f i Im formed of a 
variable-phase substance containing a binder. 

18. A heat control device as claimed in claim 17 f further 
comprising either one of a plate and a film mounted on said 
phase-variable substance for transmitting infrared rays and 
ref [eating visible rays. 

19. A heat control device as claimed in claim 18, wherein the 
object comprises either one of an artificial satellite and a 
spacecraft. 

20. A heat control device as claimed in claim 1 f wherein said 
variable-phase substance is affixed to the object by powder coating, 
evaporation, crystal I ine adhesion or adhesion of a f i Im formed of a 
variables-phase substance containing a binder. 
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21, A heat control device as claimed in claim 20, further 
comprising either one of a plate and a film mounted on sard 
phase— variable substance for transmitting infrared rays and 
reflecting visible rays, 

22- A heat control device as claimed in claim 21, wherein the 
object comprises either one of an artificial satellite and a 
spacecraft. r ; < - 

23, A heat control device as claimed in claim 1, further 
comprising either one of a plate and a film mounted on sard 
phase-variable substance for transmitting infrared rays and 
reflecting visible rays. 

24, A heat control device as claimed in claim 23, wherein the 
object comprises either one of an artificial satellite and a 
spacecraft. 

25, A heat control device as claimed in claim 23, wherein the 
object comprises either one of an artificial satellite and a 
spacecraft. 

26- In a method of control I ing a temperature of an object, a 
. variable-phase substance exhibiting a property of an insulator or e 
property of metal in a high temperature phase or a low temperature 
phase, respectively, and radiating a great amount of heat or a smal ( 
amount of heat in the low temperature phase or the high temperature 
phase, respectively, fs affixed to said object. 

27. A method as claimed in claim 26, wherein the object 
comprises either one of an artificial satellite and a spacecraft. 
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28, A method as claimed in claim 26, wherein said 
var fable-phase substance comprises either one of an oxide of 
perovskite Mn and art oxide of Cr-contatning corundum vanadium. 

23. A method as claimed in claim 28, wherein the object 
comprises either one of an artificial satellite and a spacecraft. 



ABSTRACT 

A small size, light weight heat control device feasible for 
an artificial satellite or a spacecraft is disclosed. The heat 
control device uses an optical property particular to a substance 
itself in place of a mechanical principle applied to s conventional 
therma I I cover. I n add i t i on; the dev i ce of the present ? n vent ion is 
highly reliable and long life because it needs no movable portions 
which would bring about wear, fatigue and other problems. 
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*Title 37, Code of Federal Regioajions, 5 1.56: 

(a) A parent by its very nature is affected with a public interest. Tie public interest is best served, and the matt effective patent 
exai^naaoa occurs when, at the time an application is being nramfnrd, die Office is aware of and evaluates tbe fftadriny of all 
infonnation material to patentability. Each individual associated with the filing and prosecution of a patent application baft a. 
duty of candor and good faith toward the Patent and Trademark Office, which includes a duty to disclose to toe Office ail 
information Jfcaown co rhat individual to be material to patentability as defined in this section. The duty to disclose information 
exists with respect to pending claim until the claim is canceled or withdrawn from coosideracioa, or the application 
becomes abandoned. 

(b) Under this section, utfbrmarioa is material to patentability when it is. not cumulative Co utforrfiatioa already of record or 
being made of record in the application, and (1) it establishes f by itself or in combination with other information, a. prima fade 
case of unpatentability; or (2) it refutes, or is inconsistent with, a position the applicant takes in: (t) opposing an argument of 
unpatentability relied on by the Office, or (a) asserting an argument of patentability. 



